WHAT'S KNOWN ON THIS SUBJECT: Several experimental and observational studies reveal an association between exposure to alcohol consumption in movies and youth drinking, but little is known about the effect of such exposure on drinking onset among low-risk adolescents.
Dr Hanewinkel designed the study, contributed to data acquisition in Germany, carried out the statistical analysis, and drafted the article; Dr Sargent designed the study, contributed to data acquisition (alcohol occurrences in movies), and revised the manuscript critically for important intellectual content; Dr Hunt contributed to data acquisition in Scotland and revised the manuscript critically for important intellectual content; Dr Sweeting contributed to data acquisition in Scotland and revised the manuscript critically for important intellectual content; Dr Engels contributed to data acquisition in the Netherlands and revised the manuscript critically for important intellectual content; Dr Scholte contributed to data acquisition in The Netherlands and revised the manuscript critically for important intellectual content; Ms Mathis contributed to data acquisition in Italy and revised the manuscript critically for important intellectual content; Dr Florek contributed to data acquisition in Poland and revised the manuscript critically for important intellectual content; Dr Morgenstern designed the study, contributed to data acquisition in Germany, carried out the statistical analysis, and revised the manuscript critically for important intellectual content; and all authors agreed to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work were appropriately investigated and resolved and approved the final manuscript as submitted. The causes of alcohol use and misuse in young people are multifactorial and include cultural norms, parental and peer influences, personality traits, alcohol use expectancies, and hereditary factors. 1 In the last decade some attention has been given to the question of whether alcohol exposure in the media might also account for variance in young people' s alcohol consumption. The theoretical background for these studies is social learning theory, which suggests that behavior is learned from the environment as people observe and then imitate the actions of influential others. 2 Such models include parents, friends, teachers, and characters depicted in the media or advertising. For example, given access to cigarettes and alcohol in a Barbie play scenario, preschool children will enact smoking and alcohol scripts in their play, scripts they have learned from watching their parents. 3 Alcohol portrayals are widespread in the mass media. A recent content analysis of popularly viewed television in the United Kingdom found that alcohol imagery occurred in .40% of broadcasts. 4 In movies, alcohol use and brand appearances are even more prevalent: Some 86% of movies popular in the United Kingdom 5 and 83% of Hollywood blockbusters 6 depicted alcohol use. More importantly, results from experimental 7-9 and cross-sectional observational studies [10] [11] [12] have shown a consistent link between exposure to alcohol use in movies and drinking behavior in young people. This association has also been shown in 3 cohorts recruited in New England, 13 across the United States, [14] [15] [16] [17] and in northern Germany. 18 One gap in the literature to date is that little is known about the effect of exposure to drinking in movies on drinking among low-risk adolescents, those who have never drunk alcohol and are attitudinally nonsusceptible to future use. Conceptually, this is a very important group, because they can shed more light on the temporal sequence of the exposure-behavior link (it is hard to imagine how they could be drawn to movies with alcohol because of favorable attitudes toward drinking at baseline). Empirically, they are extremely difficult to study, because usually only a small proportion of an early-to mid-adolescent sample belongs to this group, and analyses fail because of a lack of statistical power. One could solve these sample size problems by studying younger age groups (eg, 6-to 10-year-olds). However, the central behavioral outcomes under question are alcohol use and misuse initiation, and this cannot be realistically studied in young children or requires a long follow-up period.
From 2009 to 2011 we conducted a large European study on the effects of movies on smoking and drinking behavior of young people. 12, 19, 20 In this study, 16 551 adolescents from 6 countries (from Germany, Iceland, Italy, Poland, Netherlands, and Scotland) were interviewed at baseline, and .80% of these were followed up 12 months later. The sample size of this study provides a unique opportunity to perform subsample analyses such as the one outlined earlier. In addition, it is one of the few longitudinal studies on alcohol use in movies and only the second ever conducted outside the United States. The 6 European countries involved in the study show variation in both alcohol policies and prevalence of alcohol use in young people. 21, 22 This variation provides valuable insight into the robustness and consistency of media effects across different cultural contexts.
In this article we present results on the longitudinal association between alcohol use in movies and drinking outcomes in adolescents who have never used alcohol in their lives, not even a sip, and indicated at baseline that they would "definitely not" drink alcohol in the next year and "definitely not" drink alcohol offered by friends. As primary outcomes we studied the initiation of ever drinking and binge drinking.
METHODS

Design, Procedure, and Study Sample
A school-based longitudinal study was conducted in 6 European countries by research centers in Germany (Kiel), Iceland (Reykjavik), Italy (Turin and Novara), Poland (Poznan), Netherlands (Nijmegen), and Scotland (Glasgow). Study samples were all recruited from state-funded schools, with data collected through self-completion questionnaires overseen by trained research staff. Participants were given assurances about confidentiality and anonymity, and each completed questionnaire was placed in an envelope and sealed in front of participants to reassure them that teachers, peers, or family members would not see them. To permit linking of the baseline and follow-up surveys, identical questionnaire front sheets allowed participants to generate individual 7-character codes (based on prespecified digits or letters from memorable names and dates, including date of birth and mother's first name). This procedure has been tested in previous studies. 23 Ethical approval for the research was gained from the relevant body in each country. Additional approvals (eg, from educational authorities and individual head teachers) were sought as required. Additional details are given elsewhere. 12 Pupils were recruited from 865 classes in 114 schools. Baseline surveys (n = 16 551) were conducted between November 2009 and June 2010 (mean age 13.4 years, SD = 1.18), and follow-up surveys were conducted between January and May 2011 (mean between-wave interval = 12 months, range 10-14 months). Of these 16 551 pupils it was possible to match follow-up data for 13 642 pupils (82%) from 843 classes in 112 schools. Following a concept of Pierce et al, 24 we measured susceptibility toward future alcohol use by asking pupils at baseline, "Do you think you will drink alcohol one year from now?" and "If one of your best friends were to offer you alcohol, would you drink it?" Response options were "Definitely yes," "Probably yes," "Probably not," and "Definitely not." Some 2706 pupils had never drunk alcohol in their lives, not even a sip, at baseline and indicated that they would "definitely not" drink alcohol in the next year and would "definitely not" drink alcohol offered by friends. This is the sample for the present analysis of drinking onset. Country-specific overall matching rates and other sample details are given in the Appendix.
Measures
Exposure to Alcohol Use in Movies
Exposure to alcohol consumption in movies was assessed by using a method developed by researchers at Dartmouth Medical School. This method relies on the recall of having seen movies presented to respondents as a list of movie titles. 25 First, the research centers in each country compiled a master list of the 250 most commercially successful box office hits in their country, using publicly available data on movie revenues. Each country-specific master list contained the top 50 box office hits for the years 2005 to 2008 and the 25 most successful movies for the years 2004 and 2009. Then, through a process of random selection from the master list, each pupil was presented with a unique list of 50 movies from their country-specific list. To minimize between-subject variation in the composition of the individual lists, the random selection of movies was stratified by year of release and countryspecific age rating. Pupils indicated how often (never, once, twice, .2 times) they had seen each movie on their unique list. For the present analysis, answers were dichotomized into "ever seen" and "never seen."
In a parallel procedure, all included movies were content coded with regard to alcohol use occurrences. Because of a high overlap of box office hits between countries, the complete sample of 1500 movies (6 countries, 250 movies each) contained 655 different movies. Fifty-six percent (n = 368) had already been content coded at the Dartmouth Media Research Laboratory. The remaining 44% (n = 287) were content coded in the 6 European study centers. In this coding process, trained coders reviewed each movie and counted the number of occurrences of on-screen alcohol use. An alcohol occurrence was counted whenever a major or minor character handled or used alcohol in a scene or when alcohol use was shown in the background (eg, extras drinking alcohol in a bar scene). Occurrences were counted each time alcohol use appeared on the screen. Interrater reliability was studied via 2 types of correlations: (1) between the coding results of the European coders and the European trainer on a selected number of training movies and (2) between the European trainer and the Dartmouth coders, based on a blinded European recoding of a random sample of 40 Dartmouth-coded movies. European coder-trainer correlations ranged from r = 0.93 (Iceland) to r = 0.99 (Italy); the European recounts of alcohol occurrences in the random movie selection correlated (r = 0.87) with the Dartmouth counts.
We calculated exposure to alcohol use in movies for all pupils by summing the number of alcohol occurrences in each movie they had seen. To adjust the measure for variation in the countryspecific movie lists, individual exposure to movie alcohol use was expressed as a proportion of the total number of possible alcohol occurrences each pupil could have seen on the basis of the movies included in his or her unique list of 50 movies. The final exposure estimate was the proportion of alcohol occurrences the adolescent had seen in his or her unique list multiplied by the number of alcohol occurrences in the 250 movies of that country.
Drinking Behavior
Both surveys included identical questions about alcohol use. We asked participants, "Have you ever drunk any alcohol, even just a sip?" (yes/no). Those responding "yes" at follow-up were categorized as having initiated any kind of alcohol use over the followup period. The transition from nondrinker to having any experience of binge drinking was assessed through the question, "How often have you had 5 or more drinks of alcohol on one occasion?" Response categories were 0 = never, 1 = once, 2 = 2 to 5 times, or 3 = .5 times. Pupils who reported never were classified as "never binge drinkers" and all others as "ever binge drinkers."
Covariates A number of covariates were included ( Table 1) that could confound or modify the relationship between exposure to alcohol use in movies and drinking initiation, including sociodemographic (gender, age, family affluence), personal (school performance, TV screen time, sensation seeking and rebelliousness), and social environmental (drinking of peers, parents, and siblings) characteristics.
Statistical Analysis
All data analyses were conducted in 2013 with Stata version 13.0 (Stata Corp, College Station, TX). Baseline differences between successfully followed-up and lost students were analyzed by using x 2 and t tests. Adjusted associations between exposure to alcohol use in movies and drinking initiation were analyzed with multilevel mixed-effects Poisson regressions (uncentered data in all analyses). Poisson regression allows the presentation of incidence rate ratios (IRRs) and 95% confidence intervals (CIs) for the relationship between movie alcohol use occurrences and initiation of any drinking and of binge drinking. IRRs were calculated in respect of exposure to every 1000 alcohol occurrences. Because the data were clustered at the country, school, and classroom level, random intercepts for all 3 levels were included in the adjusted models. In these models, movie alcohol use and all covariates were entered as fixed effects. Multiple pairwise comparisons after logistic regression were Bonferroni adjusted.
Missing data were handled by listwise deletion.
A sensitivity analysis was undertaken to assess for differential country-specific associations between movie alcohol exposure and the 2 alcohol initiation outcomes. Instead of using the country of data assessment as a random effect in the regression model, we included an exposure 3 country interaction term to test for differential country-specific associations. Table 2 lists descriptive statistics for all nonsusceptible never drinkers at baseline, for those lost to follow-up, and for the final analyzed sample, allowing comparisons of differences due to attrition. Never drinkers lost to follow-up had higher exposure to alcohol use in movies, were more often recruited from schools in Poland and less often from schools in Italy, were significantly older, rated their school performance more poorly, had higher scores on the sensation seeking and rebelliousness scale, had more friends and siblings who drink alcohol, and more often had fathers who never drink alcohol.
RESULTS
Descriptive Statistics at Baseline and Attrition Analysis
Drinking Initiation During the Observation Period
Overall, 40% of the nonsusceptible baseline never drinkers tried alcohol during the 12-months observation period, and about 6% initiated binge drinking (Table 3) . Initiation rates varied between the 6 countries, with the lowest rates in Iceland and the highest in Germany and Poland. After Bonferroni adjustment, pairwise country comparisons for alcohol use initiation were significant for Iceland in comparison with all other countries. For binge drinking initiation there were additional differences between Germany versus Italy and Italy versus Poland. No significant difference was found for the rates of binge drinking in Dutch compared with the Icelandic sample. 
Exposure to Alcohol Use in Movies
Overall, 86% of the total 655 movies included at least 1 alcohol scene, with a range of 0 to 617 and a mean of 68 (SD = 87) occurrences per movie. On average, participants in the analyzed sample had seen 18 (SD = 9) of the movies on their movie list, which translated to an estimated mean individual exposure to movie alcohol use of 3653 (median = 3233, SD = 2448) occurrences, with a range of 0 to 14 498 occurrences, based on the extrapolation to the respective 250 movies.
Association Between Exposure to Alcohol Use in Movies and
Adolescent Drinking Initiation Figure 1 shows the adjusted association between the exposure to movie alcohol consumption and alcohol use initiation of nonsusceptible never drinkers at baseline. After age, gender, family affluence, school performance, TV screen time, personality characteristics, and drinking behaviors of peers, parents, and siblings were controlled for, exposure to movie alcohol use was significantly related to drinking initiation. The adjusted IRR for any alcohol use in the observation period was 1.05 (95% CI, 1.02-1.08; P = .003) for each additional 1000 occurrences of alcohol movie exposure. Figure 1 illustrates that going from lowest to highest exposure raised the incidence of alcohol 
Sensitivity Analysis
None of the exposure 3 country interaction terms reached significance, indicating either that the reported associations did not differ between countries or that statistical power was not high enough to show such differences.
DISCUSSION
This study demonstrates that movie alcohol exposure is associated with initiation of alcohol use and binge drinking among low-risk European adolescents, independent from other risk factors that model the social environment and personal characteristics. The range of exposure was substantial, such that high alcohol use in movies independently accounted for increases in the incidence of alcohol initiation by 30 percentage points and binge drinking by 20 percentage points.
There are at least 3 contributions of the current study. The first is the longitudinal design, which enables the investigation of the incidence of behavioral transitions, placing the exposure before these transitions. To date only 3 other cohorts have been followed up to explore the effects of exposure to movie depictions of alcohol, 2 from the United States and 1 from Germany. The second contribution is the large and diverse sample that was recruited in 6 European countries. These countries differ in respect of both macro-level contextual environmental factors (eg, alcohol control policies) and prevalence of alcohol use. An association that holds across this source of significant (unmeasured) variance is likely to be robust and extends beyond the multiple individual risk factors controlled for in this study. Third, for the first time we reported the effect of movie alcohol exposure on a subgroup of adolescents who have a very low affinity for alcohol (never users without intention to use alcohol). This limits the argument that seeing specific movies with alcohol is simply a byproduct of other unmeasured personal characteristics that are indicative of alcohol use.
There are limitations to the study, which must be taken into account. Loss to follow-up affects the generalizability of results, especially if there is selective attrition, which was the case in the current study: Adolescents at higher risk of drinking were more likely to be lost to follow-up. The fact that lost students had a higher exposure to alcohol depictions in movies might lead to an underestimation of the true association. Although we captured a large number of covariates and studied a very restricted sample, it is still possible that the results may be biased by unmeasured confounding on the individual level. Additional tests are 
FIGURE 1
Adjusted association between exposure to alcohol use occurrences in movies and adolescents'drinking initiation. Note: Covariate adjustment for age, gender, family affluence, school performance, TV screen time, sensation seeking and rebelliousness, and alcohol consumption in the social environment (friends, siblings, and parents).
needed to tap into unmeasured confounding on the side of the predictor. In addition, because alcohol use is often presented together with other adult movie contents such as violence, profanity, tobacco, and sex, the reported associations may not be specific, a feature one would expect if a risk factor is causal.
Implications for Prevention
This study provides evidence of a robust longitudinal association between seeing drinking scenes in movies and drinking initiation in a sample of lowrisk early adolescents recruited in 6 European countries. Generally, prevention measures can be classified into structural and behavioral measures. One structural preventive measure applying this concept would be to incorporate movie alcohol use into the movie rating systems, which would lower the "dose" of exposure. Such a proposal is currently debated for on-screen smoking 26 but should also be applied for alcohol use in movies.
When it comes to more behaviororiented preventive measures, health care practitioners, teachers, and other professionals could stress the importance of prudent media management for parents of young children. Parents might help prevent movies and other media from influencing their children' s susceptibility to alcohol use via two different methods 27 : First, they could reduce exposure to movies that show alcohol use. This could be done by reducing the overall movie and media use of children, which has also other health benefits. 28 It has been shown that children who report less parental restrictions on watching movies designed for older adolescents have a higher risk of engaging in binge drinking. 29 Second, parents could talk to their children regularly about what they are seeing or hearing in media related to alcohol use, or they could view movies together with their children. They can discuss false or misleading information from alcohol imagery on screen (in movies but also through alcohol advertisements). This strategy can be subsumed under the heading "media literacy education," but this research field is just emerging. 30 
